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Description
Baciaground of the invention

[0001) The invention relates Lo a deformable tube.
[0002] R Is known from US patant specifications Nos.
9,253,599 and 5,014,779 to insert a comugated be
irfo the wellbcre of an underground borehole and to
pand the tube downhole into & tubuler shape.
[0003)  US patent speciication No. 5,366,012 di>-
closas the expension of a slotted pipe of which the slots
open up &S a result of the axpansion §o as 10 reduce the
racial forces neaded 0 expand the pipe.

[0004] The use of sictied or intially comugatad pipes
has the cisadvantage that the expanded pipes have &
limitad mechanical sirength.

cylindrical pipe by means of an wpansion mandral,

[0005] A cisacvantage of the lxtter expantion method
Is that forces i expand the pipe are relatively high and
that tha pipe Contracis as & result of the axpansion proc-

%S,
[0007] Rtis an objact of the present invention to altevi-
ate the disadvantages of the known tachniques and to
provide a robust and delormable tbe which can be
wpanded or otherwise deformod by using a relaSvely
ow delormation forca. ’ :

Summary of the invention

{P008) The dsiormabie tuba accarding tn the invention
theroto comprisos a wall which is at least partly formed
by & number of Lbuios, wherein at least one iubuls is at
ieast partly deformed in responss 10 deformation of the
tba.

f0009] The delormation may involve flattening or other
change of the tubular shape of the wbules, which
requires. principally bending forcas which are signifi-
cantly lower than the tension forces that are required to
wpend a hibwdar cylindrical ppa. .

(0010] 1 may be required 1o obtain a tuba which ¢can
ba dulormed easily in en axial or in a radial direction or
in both directions, A radially deformabile tube is usehu ¥
the tube is for eampls 1 be usad as an ol axlor gas
producion tubing which ls to be insartad Into a relatively
namow and ireguiarly chaped undanground welbore.
An axially deformable ube is useful i the tube is a pro-
duction liner or tubing, a well casing or other weil ubular
which is Installed in & compeciing reservoir whero thero
is & rick of buckiing of the well tubulars as a result of the

compaction process.

[0011] M a racially deformable hube is required it is pre-
forred thet the wall of the tube e at least partly formed
by a series of axial tbutes which each extond in a diroc-
son substartially parallel 10 & longitudinal axds of the
tube such that upon a racdlal deformation of the tube the
axal Abwules are at loast partly deformed.

[0012] i an axially deforrmable tube is required & is
prefarred hat the wall of the bbe is &t leasdl partly
formed by & series of toroida! tubules which extend in a
subctantialty dreular clirection around a longitudina! axic
of the tube such that upon axial deformation of the tube
the toroidal tubules are at lsast partly flattened or othar-
wise deformed.

{0013] ¥ a tube is raquired which is both axially and
radially deformable, #t is preferred that the wall of the
tube is &t least partly formed by one or mors halical
tubuies which extend In 8 substantially helical direction
with respoct to a longitudingl axis of the ube such that
upon deformation of the tube in a direction which is ori-
ented at an angle relative 1 a longituding! drecton of
each of the hefical tubuies, at least one of the hefical
tubulos is deformed.

[0014] The tubules may be made of a metal, plastic,
rubber or other material and mey be welded, brazed,
bonded or otherwise secured 1o adjacent uibules or
other parts of the wail of the tbe.

[0015] Tha tbwies may belore axpansion have &
folded, cylindricat, eliiptica! or prismatic shape and may
as & rosult of the expansion be unfolded or flattened ino
an eifiphical, cylindrical or prismatic shape.

[0016] Sultably, the wbules contain at the outer
periphery of the Abe openings or wealk spots which
open up 25 & result of the deformation process such that
one or mora fluids ara squeszed from the interior of the
tubidos into the spaca surrounding the tube.

[0017) In that case the fluids that are squaazed from
the interior of the tubules may contait ons of Mons
chemicals, such s a chemica! traatment flid or com-
ponents of a biquid cement sluy or cormponents of a
curing agent. which components are anly mixed when
or after they have been agueezed out of the hibules.

Bxrief deecription of the drawings
{0018) The invantion will ba described in more detall

and by way of eample with referenca to the accompa-
ying drawings, in which

Fig. 1 is a crose-axial sactional view of a tube both
before and aftor expansion, which tube hag a wall
that is made of a series of axdal ubules which are
crindrical before expansion and eliptical after
expanziort

Fig. 2 is & cross-axal sociional view of a ube both
bedors and after expantion, which iube has a wall
that comprises a seriet of axial tubules which are
prismatic bofore expansion and eliptical after
EXPANSION,

Fig. 3 is & cross-axial sectional view of & hube both
bekre and after exparnsion, which tuba has a walt
that is made of a series of axal tubules which are
atfiptical both befors and after expansion;

Fig. 4 Is a cross-xa) sectional view of & hbe
before expansion whete the wall of the tube com-



3 EP 0952305 At 4

prices a sories of axial tibules end the tube is
foided into a substantially flat chape belore & is
urrolded and expandod;

Fig. 5 is a longitudinal sectional view of a tube
which comprises a wal that is made of a eariss of
forokdal wubules;

Fig. 6 i3 an enlarged detal chowing the cyiindrical
shepe of threa of tha toroidal tubules that ere endir-
cledin Fig. 5;

Fig. 7 Is a longitucdinal sectional view of the tubs of
Fig. 5 efter axial compression of the tube;

Fig. 8 is an entarged detal showing the elliplica)
shaps of thres of the toroidal tubudes that are sncit-
cdedinPFg. 7; ’

Fig. 9 is & cross~axal coctionsl view of a radkally
wxpancable kbe corpricing six wial or helcal
tubules both belfor s and after sxpansion of the tubs;
Fig. 10 is 8 cross-aida) sectional view of an unex-
pandaed f.be of which the wall compries & series of
folded tubules which uniold Into a cylindrical shape
during the procass of expanding the tube:

Fig- 11 is a cross-axial sackonal view of another
unexpanded hibe configuraion where the wall com-
prises a series of fokded tubes which unfoid into &
Cylindrical shape duing the process of expanding
the tube; and

Fig. 12 Is a cross-axal sectional view of an unex-
panded tubs which folds opan during the expansion
process and which comprises & tubute which acts
as a plastic hinge and which is fatened s a result
of the expansion process.

[0019] Ralerring now to Fg. 1 there isshowna tube 1
In & cylindrical welbors or othar cavity 2, which fube 1
has a wakt that is made up of & saries of adal wiuies 3
which are substartially cyfindrical before sxpansion of
tha tube 1 and oliiptical after axpansion of the tube 1 to
an enlarged dlameter, es ustrated by referance
numeral 38,

{0020] The tubs 1 can be axpanded by an expansion
mandral (not shown) or by increasing the hydraulic
pressire in the interior 4 of the Lbe 1. As arequt of the
wxpancion process tha twbules 3 are subject 10 a bend-
Ing process 80 that relatvely low forces are required.
[0C2t) I the tubules 3 ara mads of steul or another
maetal then Rt is proferred thal the fubules 3 are sintered,
wekiad or brazed together along the length of the Areas
S whera the tubules 3 touch each other.

[0022] ¥ the whulos 3 have an impermeatie wal and
the ke 1 is used tamporarlly in the cavity 2, for exam-
ple 10 provicie a temporary seal, then the ube 1 can be
radially contracted again by pumping & high prescura
fuid into the irteriors 8 of the tubudes 3, which wil
induce the fiattened tubules 3B 10 resume their tubular
shape, 5o that the tube 1 radial shrinks and can be sas-
Ty removed from thae cavity 2.

1©

10023} 1 the tube 1 is 10 be used permansnty in the
cavity 2, for eample if the tube 1 i 1o be usad a5 & well
casing, then at least some of the tbules 3 may be filled
with liquid compononts of & cament sharry or other cur-
ing agent. such as o siicone gel and tha outer walt of
thets tubules may contain openings 7, of waak spots
which are opened a3 & result of the expansion process,
via which said iquid components are suested Into the
surrounding annutar spece 8 surounding the wpanded
tube 1 and the liquic components mix up and Qure 0 &
hardonod comant, silicona or other cured sealing com-
posibion.

[0024) Fig. 2 Bustrates an aitemative smbodiment of
the deformable tube according to the invention. This
wbe 9 i also madially delormable and comyrices &
series of tubules 10 which are prismatic before axpen-
slon and sifptica) sfier epanalon, as Bustrated by refer-
ance numend 108,

{0025] The kindes 10 are arranged substantially per-
abel 10 the longitudinal axis 11 &1 the cenre of the tube
9. The wibules 10 are made of sioel or another metal
and are comected io sach other by longitudinal welded,
brazed or sintered bonds 11.

[0026) Fig. 3 shows yst ancther ermbodiment of the
delormabla tube according to the invention, In which the
tube 12 is rackally dedormable and comprises a Soriet of
fubcles 13 which ae eliiptical before and which have an
eWiptical, aimoet flattened shape after radial expansion
cithetube 12,

[0027) in this smbodiment the tubules 13 deform from
a first alliptical shape, Mustrated by reference numenal
13A In which tha largest width of the elliptical tubules
13A has & radal orientation Mo & second elfiptical
shape, Bustrated by refarence numeral 138 in which the
largect width of the ellipfical ubules 13A has & tengan-
tial orfentation.

[0028]  Reiening now 1o Fig. 4 there is shown a
deformable tube 14 which comprises a series of mdal
wbukas 15, whorein bvo pelrs of tubules al opposite
sides of the tube 14 ara intevconnected by piastic
nmsw.mmummummmmub
be stored and transported in a flattened shape 6.0.
sround & foaling drum (not shown).

0020] When the kbe 14 is then unredlad from the
reeling drum i can be brought into a cyfindrical shape
ty a guide funnel (not shown). i the ibe 14 1s fo be
used insice & well oy inside another Wbular tha cyfindri-
cal tube 14 is then realad into the wellbore or the interior
of the other iubular and mpanded for eample by pump-
Ing & high pressure fluid inio the Intorlor 17 of the tube
14,

{0030} The initally fiattsned tube configuration shown
in Fig. 4 alows an sasy siorage and vantport of the
tube 14, 8.0. on & small diameter reeling drum, duing
the merutachuring stage and duing transport from the
manutacxing sie 10 e site where the kbe 14 s tobe
usad. ,

[0031) Figues 5, 6, 7 and 8 show yet anothor embod-
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iment of the deformeble tube according to the invention
in which the tubules 18A, B have a toroidal shape in
orgier 10 maka the ube 19 axally deformabie.

(0032} The tube 19 shown in Fig. 5 can be a produc-
tion iner In & compacting ofl or gas bearing formation,
whera as shown in detall In Fig. 6 the toroidal tubules
18A have & substantiafly cyfindrical chape. In the corfig-
uration shown in Fig 7 the tube 19 has axially con-
tracted s0 that its length s 18% shorter than its originel
langth shown in Fig. 5.

[D033] Ac a resadt of the axdal contraction of the ube
19 the tubules 188 shown in Fig. 7 have been delormed
into an elipSical shape, &3 is shown in more dotail in Fig.
8.

[0034] Refaring now Yo Fig. 9 there is shown a Lube
20 which is expanded within a welbore 21 or other cav-
My

f0035] The wbe 20 has » wall that compricas slx
hubules 23, 24, 25, 26, 27 and 28 which edend in an
axial or helical configuration relative 10 the longiudinal
ads 29 of the wube 20.

.[D03S)  Adjacert hubudes 23, 24, 25, 28, 27 and 28 aro

interconnected along their length by elongaltes weids 32.
mmambwdhmmdmw»
23-28 at both cides of sach wekf 32,

00371 Thomuwamdhbozohﬂmnnmm
tre of the drawing. The six unaxpanded tbulss 23-28
sach have tha form of a pie sector and only 8 minor gap
30 & present betwsen adjacent tubules 23-28. To
opand the tube 20 a pressurized fluid is pumped into
tha gaps 30 which will induce the tube 20 0 expand urntil
tha walls of the tubules 23-28 are streiched andier the
outer walls of the tubules 238-238 are pressed against
the weibore 21.

[0038] The volume-sfiicient kuba configumiion shown
In Fig. 9 ls attractive I the tube 20 is 10 bo insartad into
the welbore 21 via a narmow excess, such as & emall
diametar production fubing. Furthermore the inernal
volume of the unexpanded tubules 23-28 Is relativoly
large whereas the imemal volume of the expandied
tubuies 238-288 is retatively small so that il he wals t
the outer circumierence of the tubules 23-29 are perfo-
rated or bacome during expansion otherwisa fild per-
meable a relatively targe volume ol flukis is squéezed
from the interiar of the tubules 23-28 into the suround-
ing annuius and/or formation.

.[0639] Inthis way & relatively largs volume of a ssaling

agent ancdor treatment fhid can be injectsd into the

- annuius sumounding the tube 20 and/or the formiation

31 surrounding the wollbors 21:
[0030] The extemaly permeahbis tube 20 is very cuit-

-able to inject reatment fiuids info an underground for-

mation 31 which comprises along the length of the
welbore 21 layers of varying permoability. i the outer
wals of the ubules 23-28 have a significantly lower fluid
permeability than the sumounding formation 27, then,
as soon gs the outer wall of the tubules 228-26B is

. procsed against the weailbora 21, a relatively constant

1

]

" ot wfuld

flux of treatment Fuid will be squeezed int the various
surmourxiing formation tayers so that the risk of injocion
of beatment fiuid mainly into the parmeable formafion
layers and by-passing of less parmeable layers ks mini-
mized.

[0041] i the tube 20 is usad as a treatment fiuid injec~
$on toal then the cuter walic of the tubules 23-28 may
be made of a permeabile rubber and/or a fabric and the
inner walls ol the tbules 23-28 which face the interior
30 of the tube 30 may be made of &n impermeable nb-
ber. Aftar Injeciion of the treatment fuids the pressiure in
heinterior 30 of the ube 20 may be reduced so that the
fube 20 radially contracts snd can be removed from the
borshola.

[0042] instead of allowing the fube 20 10 contract after
fhsics have been injected into the lormation the tube 20
may be aliowsd 10 harden in the sxpanded position
sgainst the walbors 21 by impregnating the tsbric or

_ other matwial with & slowly curing epaxy or other plastic

composition, 50 thal the soiidified Lbe 20 then serves
as & woll liner,

[0043] The tube 20 and the tube configurations shown
in Fge. 1-4 may alco have walls that ere made of & tiove
material. In that cass the tube may be expanded by an
wxpansion cono of by a balloon that k& Infiatad in the
interior of the tube.

(0044]  Since the sieve material that then forms the
walls of tubules is mainly bert and not or handly
strotched the slove opening size will remain fairy con-
stant duving the axpansion process. The expanded ube
of siove material then serves as a fhter that prevents
sand and other solld matarials to enter the weilbora 21.
{0045) The raciially expandable tube 20 and the other
radially ependable ube configurations ¢hown in Figs.
1-4 may s250 ba mada of tubules 23-28 which are made
¢ metarial, such s sted which
only delorms if the pressurg in the interior 30 of the ube
oxcesch a pre-oet level. In thal case the kibe may be
instaled s a production tubing which sarves as a
dowrhole blow-out preventar which expands end seals
of the avulus currounding the production bing i &
blow-out occurs, The radially expandable tube configu-

. raton shown In Fig. 9 can also bo usad as a drill sbing.

In that case driling mud is purmped thiough the interlor
of the tubulos 23A-28A during driling. Atthe end of &
ariiiing cycle high presaurs fluid Is Injecied into the Inte-
rior 30 of the tuba 20 co that tha tube 20 s expanded

* againct the borehole wall 21 and forms & fining of the

welbore and the cirill bit and downhole motor assambly
is pulled to the surface by a wireline or collad bing
pessing fyough the interior 30 of the tube 20 and ako
Serves &t &N EXPRISIN CoNo.

0045} M only mintr expansion of the tube Is required
then the wall of the tube may be provided with only ane
of & low adal or hefical fubulos. .
[0047] I the wals of the Jbe 20 or the cther adially
epandable configurations are mads of & niber or

" other stastically deformable material then the expanded
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tube may carve as & high expansion packer or bridge
plug.

[0048]) It will be understood that # the tubules are orl-
ented in an axial direction a radially deformable tube wil
be ablained. ¥ the tubules are oriented in a circumieran-
tisd direction as shown in Figs. S-8 then an axially
deformabile fube will be obtnined.

{0049]  #f tho tubulos are orientad in a helical direction
the twbe will be deformable both in axdal and racial
directions end the pitch angle of the helical configura-
tion of the whulac wil than Influance the degree in
which the tube is axially or radially deformable.
[0050] Fig. 10 shows a configuration whore A fuba 40
comprisos a wall that consists of a cares of axial folda-
ble Libades 41.

[0051] N the tubules 41 are made of stesl then they
ars intarconnactad side by sids along their length by
sdal weids 42. Each wbule 41 comyrisas at tha outer
circumiarence of the ube 40 a single piastic hinge 43
and at the inner circumiersnce of the tube 40 a set of

four plastic hinges 44, 45, 46 and 47. Each of theso

plastic hinges 43-47 i formed by machining an axial

oroove in the inner and/or cuter surface of the wall of the ]

tubule 41.
[0082] The sot of four plastic hinges 44-47 defines a

wall segment whers the tubules 41 can be folded .

inwardy 10 form a U- or delta-ghaped rocess 48 that -

faces the intarior 49 of the tube 40.

[0053) The tube 40 Is expanded by purmping a pressu-
rizad {luid into the interiors S0 of the bules 41 which
causes tha tubules 10 untoid by hinging about the plastic

‘hinges 43-47 eo that tha hubules 41 each obtaln a cyfin-

drical shape (not shown).
[0054] As aresult of the unfokding of the tubules 41 the

tube 40 obtains a lwger external and internal ciameter.

[0085]  Fg 11 shows another tube 51 which com-
prises a wall that consists of a serfes of wdal foldable

tubudes 52

[0056]  1f the tubules 52 are made of steal then they

are intercomecied side by side along their length by

axia) welds 53. Each hibule 52 compriges both at the

cuter and the inner circumierence of thetube 51 asetof

fowr pigstic hingss 54 that are formed by machining
axial grooves in the inner andior cuter surface of the
wall of sach tibuls 52,

[0057] Eachsatol ourpiastic hingas 54 defines a wal

sogmant whore the tubxies 52 can be folded iwardly to
form a U- or dolta-chapad recess 55 that faces either

the exterior 58 or the interior 57 of the tube 51.

-[0058] Tha tube 51 is expanded by purmping a pressu-

rized fluid Info the inteviors 58 of the ubules 51 which
causes the Lbulos 2 1o unfold by hinging sbout the
plastic hinges 54 50 that the tubulas each obtain a Gylin-
drical hape (not chown).

[0053) As & recult of the unfoiding of the ibxdes the

fube 51 cbiaing & larger wdemnal and internal diameter.
{0060] Fig. 12 shows a kcidable tube 60 which com-
prises at its lower side a single plastic hinge that is

formed by an axial ubufe 64 and at its upper side a set
of four plastic hinges 62 that are formed by machining
i) grooves in the outer or Inner suriace of the wafl of
tha tube 60.

[0061] The four plastic hinges 62 define & dolta-
shaped recoss 63 al the upper side of the tube €0, when
tha tube Is in its foided shape.

[0062) The tuba 60 i uroldad by pumping a pressu-
rized fiuid into the interior 64 of the tube 60, This causes
tha fube to urold In the diraction of the avows into tha
cylindrical shape which is luct ated by tha broken Enes
60A. The hbule 61 then acts as a plasic hinge and
obtains 83 & result of the uniokding of the tube 60 the
eliptical shape which ks Flustrated by broken ines 61A.
{0083] The hibule 81 i made of a placScally deform-
sble material, tuch &8 & krmable high-srength low-
aloy or dual phase steal grade, which aiso provides
fledbiiity 0 the fube 61 In circumiersntal direcion dur-
Ing the unicing procadure. After the undokding proce-
dure a curing agant may be pumped into the interior 65
MNWMSMBIMMMMK
The interior 85 of the lubufe 61 may comprica elactrical
and/or hydraufic conduits for fransmission of electric
andior hydraulic power and/or signals along the lsngth
ol the uba.

0084] The embodiments of the deformable hbe
shown in the drawings provide a bbe which can be
deformed sasily and which can be reelad on a reeling
drum, The tube can be unreeled rom the drum and
injectad into an underground borehdle or other cavily in
which the fube is to be used. The tube is subsequentty
delormed inside the borehole or other cavity by chang-
ng the Lbular shape of one or more tubules in the wall
of the be. The deformation may involve flattaning,
unkolding or other deformation of the tubule or tubules.

Chlms
1. A dolormable tube having a wall which is at joast
purtly formed by a nurber of tubules, wherein at

Joast one fbuie is &t ‘east parly delormed in
responso to deformation of the tube.

2. The deformable tube of ciaim 1, whersin the wall of
the iube is at lsast partly formed by a saries of axial
wbules which sach extend in a direction substan-
sally paraliel 10 8 longitucinel exds of the hube such
that upon & radial deformation of the iube the axial
tubuios are atleast partly deformed.

3. Thedelormable tubo of ciaim 1, wherein the wall of
the tube is aileast partly formad by a series of torol-
dal tubules which extend in & substantially circular
direction around a longitudinal axis of the wbe such
that upon axial deformation of the tube the torokial
fuixdes are atleast pirsy deformed.

4. The dalormable tuba of claim 1, wherein the wall of

b et e e
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the be is at least partly formed by one or more
helical tubules which extend in a substantially heli-
cal diraction with respect %0 & kngitinal axis of
the tuba such that upon defonmation ¢f the wbe ina
diroction which is oriented at an angle relative to a
longitudinal direction of each of the halical tubuses,
at lsast one of the halical tubules is at least partly

‘dokormed.

The delormable tube of ciaim 1, wharein the wall of
tha tube s at least partly formed by & number of
substantially paraliel bules which are amanged
side by side and are connocted to sach other.

The dekrmeble Lbe of claim 5, wherein the
biudes are made of metal and the sides o a pair of
adjacent Lbuies substantially iouch each other and
are sintered, wakled, spot welded, brazed, bonded,
or otherwise secured % sach other.

The deformeble wbe of calm 5, wheroin the
hindes are made of a plastic or elastomeric mate-
rial o a fabric and the sides of aciacent hubules

- substantially touch each other and are bonded to

each other.

The delormeble tube of caim 1, wherein belore
deformation of tha ube the tubules have a substan-
tially cyfindrical shape and deform into a substan-
tally slipticel or flattened shape in resporse to
defommation of the tube.

The delormable tube of daim 1, wherein belore
delormation of the tuba the ubules have & substan-
tally pricrmatic shape and deform into & substan-
tally fizdtaned shape In response to delormation of
the tube.

10. The deformabie tbe of dalm 1, whersin the

1"

tubules contain at the outer periphery of the tube
openings of weak spots which open up as & result
of tha dalormation procass such that one OF more
fiuids are cqueszed from ths intarior of the tubuies
irto the space surrounding the fube.

The deformabls wubs of claim 10, whereln the fluids
that are squoezed from the interior of the tubides
contain one or mors chricals, such as compe-
nents of a liquid cement iy, compones of 8
curing agent or a chemical Weatment fiuld.

10
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